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Abstract: 
Purpose: The purpose is related to the assumption that the application of interactive video games will positively 
affect the functional balance reactions in institutionalized older individuals. 
Material and Methods: Ten institutionalized elderly people with an average age of 80.6 years ± 7.25, two men 
and eight women were included.  All of them had to meet the inclusion and exclusion criteria. The intervention 
program included interactive video games, for 5 days per week, for one month. Berg Balance Scale, Timed Up 
and Go and Mini Mental State Examination tests were considered. 
Results: Including commercial games in physical therapy sessions have a positive effect on dynamic postural 
control and functional ability in institutionalized elderly. Application of virtual reality possibly maintains 
cognitive function. Comparison between initial and final measurement revealed statistically significant 
differences for Berg Balance Scale and Mini Mental State Examination (p<0.005) and for Timed Up and Go 
(p<0.001).  
Conclusion: The application of virtual reality (including commercial video games) is feasible in institutionalized 
elderly people. Suitable selection of computer games may improve balance and maintain cognitive function.  
Key words: physical therapy, virtual reality, geriatry.  
 
Introduction 
 Physical activity programs are aimed at reducing the age decline in functional capacity in elderly 
people. Especially, trainings to improve strength, balance and coordination are highly effective in reducing the 
incidence of falls (Nelson et al. 2007). It is important for elderly with low risk of falling to do regular physical 
activity, to improve dynamic balance and motor functions. Application of physical therapy for treatment of 
sensory disorders (in particular  visual and vestibular disorders) is also important, as well as specific motor tasks 
to improve different aspects of balance, strength, flexibility, sensory integration, tasks which require attention 
(Shimada, 2004; Silsupadol, 2006). 
There are number of studies on application of virtual reality (even in the form of commercial games) in 
neurological, traumatic, pediatric and other patients (Lohse et al., 2014; Darekar et al., 2015). Some researchers 
have used virtual reality technology to immerse the users in the virtual environment; others use standard display 
technology (computer monitors and TVs). The study of Burke et al. (2009) is addressing the design of computer-
based games and functional recovery effect. A major highlight is the possibility of commercial computer games 
to provoke a high level of interest in our patients. To achieve this it is necessary to comply with some basic 
points: the game is meaningful; it is feasible for those with relevant dysfunction and is appropriately increasing 
the level of difficulty. According to same authors there are many features in the design and application of 
computer games for specific therapeutic purposes: to be on the optimal cognitive level; to be understandable and 
relevant; to exist sufficiently effective feedback; to have an element of social activity; to meet the specific 
therapeutic goals and objectives; to be available to comply with the specific problem. 
Unfortunately, development of game software for therapeutic purposes depends on both the presence of 
specialists in this field and on the financial capacity. But it is possible to use in the rehabilitation process 
available commercial devices which allow prolonging the rehabilitation at home. Lohse et al. (2014) do not 
establish significant differences in the effect of commercially-based video game systems and specific 
rehabilitation virtual reality systems in terms of functional recovery after stroke. There are numbers of data on 
positive effect in cognitive and motor functions for different medical conditions, including stimulation of 
neuroplasticity. The computer games have a potential in improving motor skills.  
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Consensus on the importance and positive impact of purposeful physical activity in institutionalized 
adults and older people is established. 
Purpose: Our purpose is related to the assumption that the application of interactive video games will 
positively affect the functional balance reactions in institutionalized older individuals. 
 
Method 
Participants 
This study involved 10 Bulgarian institutionalized older individuals, all participants were voluntarily 
attended. Eight women and two men of average age of 80.6 ± 7.25 years have been monitored. The most 
common diseases in the studied group were coronary artery disease and degenerative joint problems. Including 
and excluding criteria were determined and participants were selected by them. Including criteria are: no 
previous experience with physical therapy programs with activity promoting video games; willingness to 
participate; to be able to follow instructions; to be able to walk independently with or without assistive device 
more than 10 meters. Excluding criteria are: severe sensory deficits; patients whose visual or hearing impairment 
does not allow possibility of interaction; ataxia or other cerebellar symptoms; severe deformities or locomotion 
problems; uncontrolled hypertension, decompensated diabetes or high functional class heart failure. Before 
therapy, all subjects had been given verbal explanations and had signed informed consent statement. 
 Measurements 
 For the purpose of the study following functional measurements were monitored twice – at the 
beginning and at the end of the intervention:   
Berg Balance Scale (BBS) - was developed to measure balance among older people with impairment in 
balance function by assessing the performance of functional tasks (Berg et al. 1992). It is a 14-item objective 
measure designed to assess static balance and fall risk in adult populations with maximum score 56, higher 
values indicate better balance. It consists of static and dynamic activities of varying difficulty. A score of 0 is 
given if the participant is unable to do the task, and a score of 4 is given if the participant is able to complete the 
task based on the criterion that has been assigned to it.  
Timed Up and Go (TUG) - assesses mobility, balance, walking ability, and fall risk in older adults. The 
measured time (sec) for rising from a chair, walking 3 meters at a comfortable and safe pace, turning, walking 
back and siting down is monitored. Lower values on the TUG indicate better mobility (Brooks et al. 2006). 
Mini Mental State Examination Test (MMSE) - The MMSE consists of 11 simple questions or tasks 
grouped into 7 cognitive domains with maximum score of 30 points. The test is used to provide information 
about individual’s present cognitive performance based on direct observation of completion of test items/tasks 
(Andrew, 2008). 
Intervention program 
The intervention program involved the participants in interactive video games using home video game 
console Xbox 360 with standard display technology (not developed to retrain a specific motor skill in a particular 
population). The following criteria were used for selection of games: meaningful, feasible and appropriate 
difficulty with avoiding frustration due to motor or cognitive disorders. Four games with proactive balance 
control were chosen – “Skiing", "Boxing", "Shootout" and "Dances”. Each treatment was applied individually, 
performing all 4 games, from 20 to 30 minutes, for 5 days per week, for 4 weeks (Table 1). In standing position 
the participants performed the games, starting with “Skiing", then "Boxing", "Shootout" and at the end 
"Dances”. The first are with longest duration, the following are less and gradually increasing the level of 
difficulty. Game results serve as motivation element. 
Table 1. Games duration  
Duration (min) 
5 days/week Game 
1
st
 2
nd
 3
rd
 4
th
 
Skiing 6 9 15 15 
Boxing 5 8 12 12 
Shootout 5 5 5 5 
Dances 3 5 8 8 
Statistical analysis 
The analysis of the data was carried out with the support of the SPSS version 19.0. Descriptive statistic 
(mean and standard deviation), a parametric Student’s t-test and nonparametric Wilcoxon test for paired samples 
to determine the significance of changes in outcome measures were used. The significance was set up at p ≤ 
0.05. 
 
Results 
 The Berg Balance Scale (BBS) analysis was divided in two parts – static and dynamic. In the static 6 
item were included – standing, sitting, standing with eyes closed, standing with feet together, standing with one 
foot in front, standing on one foot. The rest were included in the dynamic – sitting to standing, standing to 
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sitting, transfers, reaching, retrieving an object, turning and placing foot. The averages, standard deviation and 
the significance of differences in Berg Balance Scale (BBS), Timed Up and Go (TUG) and Mini-Mental State 
Examination (MMSE) are presented in Table 2. There are significant differences for all parameters between start 
and end values. Postural control improved in a variety of measures.  
  The baseline results of TUG test in mean values are 19.1 ±1.2 sec and the final results decrease to 17.8 
±1.22 sec in mean values.  Significant change between them was observed. 
 Table 2. Changes in functional tests - Berg Balance Scale, Timed Up and Go and Mini-Mental State 
Examination 
Variable Measure Mean SD Significance 
Baseline 13.9 1.4 
BBS static (p) 
Final 19.2 1.1 
p<0.005 
Baseline 21.3 1.7 
BBS dynamic (p) 
Final 27.6 1.8 
p<0.005 
Baseline 35.2 1.9 
BBS total (p) 
Final 46.8 2.6 
p<0.005 
Baseline 19.1 1.2 
TUG (sec) 
Final 17.8 1.2 
p<0.001 
Baseline 18.4 5.4 
MMSE total (p) 
Final 22.9 3.4 
p<0.005 
 The MMSE consists of 11 simple questions or tasks grouped into 7 cognitive domains: orientation to 
time; orientation to place; registration of three words; attention and calculation; recall of three words; language; 
visual construction. Bravo and Hebert (1997) offer reference values according to age and level of education: for 
age 80 to 84 years – mean 26.5 points. Lancu and Olmer (2006), offer the following classification of the degree 
of cognitive impairments: 21-26 = minor impairment; 11-20 = moderate impairment; ≤ 10 = severe impairment; 
< 23 is generally accepted as indicating cognitive impairment and was associated with the diagnosis of dementia 
in at least 79% of cases. At the baseline the points for the group were mean 18.4±5.46, and at the end of the 
study the results increased to 22.9±3.4 points. The participants were with minor impairments at the end of the 
program with small deviation. Significant differences between baseline and final measurements were detected. 
 
Discussion 
 Due to the many problems associated with reduced balance and mobility in elderly, providing an 
effective program is essential in assisting with recovery and helping to prevent degradation of motor skills. The 
effect of digital interactive games on balance was studied in individuals with mobility disorders (Darekar et al. 
2015) and older people (Bisson et al., 2007; Szturm et al., 2011). The whole body activity promoting video 
games were not used in Bulgarian institutionalized elderly people. The interactive balance games involved 
repetitive, voluntary, whole body movements, resulting in movements that varied in direction, speed, amplitude, 
and precision and may positively affect the postural control. The changes in Berg Balance Scale score are 
considered as a predictor of risk of  falling in older people. In clinical practice a total cutoff score of 45 points is 
considered to divide patients of “falling” and “non-falling” (Boulgarides et al. 2003). The change of 5 points is 
required to reveal a genuine change in function between 2 assessments if the initial score is within 35-44 points 
(Donoghue, 2009). The baseline total points in this study group were mean 35.2 ±1.93 which indicates medium 
fall risk and walking with assistance (Donoghue, Stokes, 2009). The final total points were mean 46.8 ±2.61 
which indicates low fall risk and independent walking. A change of 11.6 points observed in our study group 
revealed the positive influence of video games on static and dynamic balance. 
 Both BBS and TUG tests give information of balance performance and fall risk in this population 
group. TUG performance is related to multiple factors - lower limbs strength, balance abilities and sensorimotor 
function. The TUG provides information about mobility because it uses components of daily life - standing from 
a seated position, walking, changing the direction. The Timed Up and Go cutoff values associated with high fall 
risk is >14 seconds in community dwelling frail older adults (Shumway - Cook et al.  2000). The final score in 
this group was 17.8 sec, still high, but some improvement is observed. Interactive video games treatment may 
increase functional activities performance by position changing movements and maintaining postural control. 
The increase could be due to high motivation and interest of the participants, led to awareness of their balance 
control (Tsimaras et al. 2014). General physical activity, including daily life-style, is important in maintaining 
balance function, especially in elderly, and gaming technology may play a role in achieving this goal. 
Cognitively impaired subjects took longer to perform the TUG than unimpaired subjects. 
Lack of interest or an insufficient attention also can impair the potential effectiveness of the therapeutic 
exercises, in cases of many chronic neurological and musculoskeletal conditions when a lot of practice is 
essential. Intact cognitive function is associated with better mobility and control of posture. The MMSE allows 
assessing and recording cognitive changes after physical therapy sessions. In this group some improvement from 
moderate to minor impairment were observed, but still < 23 points – generally indicates for cognitive 
impairments. The positive effect may be due to attention’s necessity during performance. The recent studies 
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showed that the elderly people maintained cognitive function after goal-oriented physical therapy (Weuve et al. 
2004). The memory function, learning process and concentration affect cognitive ability through many 
treatments, including virtual reality, is an important moment to increase the independence and to improve the 
quality of life in this group. 
Despite the positive results we need to underline the small number of participants due to including and 
excluding criteria. Monitoring for a longer period of time it would be beneficial. Further investigations to 
determine the impact of interactive video games (including home game console) on balance reactions, everyday 
life motor activity and cognitive function are needed.  
Conclusions 
The application of virtual reality, including suitable selection of computer games, is feasible in 
institutionalized elderly people to achieve a positive effect on dynamic postural control and functional ability 
avoiding cognitive decline. 
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